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REMARKS 

Please reconsider the application in view of the above amendments and the following 
remarks. The Applicant thanks the Examiner for carefully reviewing this application. In view of 
the following remarks, the Applicant believes all the claims to be in condition for allowance. 

I. Specification and Claim Objections 

The specification and claims have been amended per the Examiner's request to 

improve readability. The spacing between the lines has been increased and subtitles and 
headings have been emboldened. The specification includes all amendments prior to the present 
Office Action. Further, amendments made in view of the present Office Action are also reflected 
in the attached, reformatted specification. A clean copy has also been provided. 

Additionally, in accordance with the Examiner's suggestion, the title has been 
amended to include the term "rotary." The new title is clearly indicative of the invention to 
which the claims are directed. No new matter has been added by way of these amendments. 
Further, these amendments were not made for reasons of patentability. Accordingly, withdrawal 
of this objection is respectfully requested. 

III. Claim Rejections under 35 U.S.C. §103 

Claims 1 and 2 are pending in the present application and were rejected under 35 U.S.C. 

§ 103(a) as being unpatentable over U.S. Patent No. 5,557,154 ("Erhart") in view of U.S. Patent 
No. 5,391,953 ("Van de Veen"). This rejection is respectfully traversed. 

The claimed invention provides a device for detecting the absolute position for a linear 
actuator. The device includes a motor, an output shaft, and a conversions means. In one 
embodiment of the invention, the conversion means includes a ball-screw coupled with the motor 
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output shaft, a ball-nut formed along the output shaft, and a spline that supports the output shaft. 
The conversion means translates the output rotation of the motor into linear displacement of the 
output shaft. Additionally, the device includes a rotary absolute sensor, a linear absolute sensor, 
and a calculation means. The rotary absolute sensor detects an absolute rotary position per 
rotation of the motor and the linear absolute sensor detects an absolute linear position within a 
set range of movement. Based on the combination of the outputs of the rotary absolute sensor 
and the linear absolute sensor, the calculation means calculates an absolute linear position of the 
output shaft (See, e.g., pages 5-8 of the specification). 

Advantageously, a rotary encoder operates as a rotary absolute sensor which is typically 
affixed to the motor. Using the rotary encoder provides the claimed invention the ability to 
detect a wide range of an absolute position of the output shaft, but does not incur associated costs 
(e.g., size and expense, etc.) produced by an additional sensor to determine the absolute linear 
position of an output shaft. 

The Examiner acknowledges that Erhart is completely silent with respect to a device for 
detecting the absolute position for a linear actuator that includes both a rotary absolute sensor 
and a linear absolute sensor. Regarding the sensors, Erhart actually teaches away from the use of 
a linear absolute sensor in disclosing the use of a rotary absolute sensor. For example, Erhart 
states, "[i]n a preferred embodiment a rotary position/velocity sensor is used as illustrated in 
Figure 9," (col. 7, 11. 56 and 57). A linear absolute sensor produces backlash which causes 
discontinuities in relationships between movement of an output shaft and a sensed position. 
When input to a controller, such discontinuities introduce instability in the linear actuator 
disclosed by Erhart. In other words, the linear actuator as disclosed by Erhart oscillates as a 



3 



u.s. ?Amfrr application no. 09/912,938 

ATTORNEY DOCKET NO.: 04452.015001 



result of backlash introduced by a linear absolute sensor. In order to eliminate this undesirable 
behavior, Erhart teaches using a rotary absolute sensor (col. 6, 1. 55- col 7, 1. 55). Additionally, 
Erhart states as a disadvantage, "employing a linear sensor would require the use of a separate 
motor commutation sensor" (col 7, 11. 63-65). Consequently, the use of both a linear absolute 
sensor and a rotary absolute sensor as recited by claim 1 is explicitly rejected by Erhart. 

Furthermore, Erhart does not disclose or teach "a calculation means for calculating an 
absolute linear position of the output shaft based on a combination of an output of the rotary 
absolute sensor and an output of the linear absolute sensor," as required by claim 1. For 
example, Erhart states, "the preferred solution is to measure its [the output shaft] rotational 
position and velocity and allow the motion controller 506 to calculate the resulting position of 
the actuator's 400 output shaft 25," (col. 7, 11. 41-45). However, there is no suggestion of 
additional output from a linear absolute sensor being combined with the output from a rotary 
absolute sensor. In fact, as previously mentioned, the output of a linear absolute sensor is 
undesirable to the controller of the linear actuator as disclosed by Erhart. Therefore, the 
calculation means as disclosed by Erhart is incapable of calculating the absolute linear position 
based on the output of both the linear absolute sensor and the rotary absolute sensor as required 
by claim 1. 

Van de Veen fails to provide that which Erhart lacks. Van de Veen teaches the use of a 
rotary absolute sensor, however, Van de Veen is completely silent to any combination of the 
outputs of a rotary absolute sensor and a linear absolute sensor in achieving a wide range of 
detection of absolute linear position. Additionally, Van de Veen is also silent with respect to a 
calculation means as disclosed by the Applicant. Therefore, the combination of the teachings of 
Erhart and Van de Veen do not render the claimed invention obvious. 
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Moreover, the Applicant is unclear why one of ordinary skill in the art, without reference 
to the Applicant's disclosure, would look to try and combine Van de Veen and Erhart. In light of 
Erhart's teachings, a rotary sensor is currently employed, and thus, a rotary sensor taught by Van 
de Veen is duplicative, and consequently, does not teach all of the limitations of the claimed 
invention. 

Thus, claim 1, is patentable over Erhart and Van de Veen, whether considered separately 
or in combination. Claim 2 being dependent is likewise patentable for at least the same reasons. 
Accordingly, withdrawal of this rejection is respectfully requested. 

IV. Concluding Remarks 

Applicant believes this reply to be fully responsive to all points raised in the Office 

Action dated September 20, 2002. If this belief is incorrect, or other issues arise, please do not 
hesitate to contact the undersigned or his associates at the telephone number listed below. Please 
apply any charges not covered, or any credits, to Deposit Account 50-0591 (Reference Number 
04452.015001). 



Respectfully submitted, 





Rosenthal $/Osha L.L.P. ^ 
One Houston Center, Suite 2800 
1221 McKinney Street 
Houston, TX 77010 



Telephone: (713) 228-8600 
Facsimile: (713) 228-8778 
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SPECIFICATION 

ABSOLUTE POSITION DETECTING DEVICE FOR 
LINEAR /ROTARY ACTUATOR 

Background of Invention 

Field of the Invention 

[0001] The present invention relates to an absolute position detecting device 
for detecting an absolute position along the axial direction of a linear 
actuator. More particularly, the invention relates to an absolute position 
detecting device that has a simple structure and can detect an absolute 
position over the range of a long stroke. 

Description of the Prior Art 

[0002] Methods for detecting an absolute position on the axis of a linear 

actuator include a method in which a linear absolute sensor is attached to 
the actuator shaft, and a method in which a multi-turn type rotary absolute 
sensor is attached to the actuator shaft on which is formed a ball-screw. A 
linear actuator generally has a motor, an output shaft, and a converting 
mechanism for converting the rotary output of the motor to linear motion. 
The converting mechanism comprises a ball-screw coupled to the motor 
output shaft, a ball-nut through which the center of the output shaft passes, 
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and a spline that supports the output shaft so that the output shaft can only 
move axially. 

[0003] With the former method in which a linear absolute sensor is used to 
detect the absolute position of the output shaft of a linear actuator thus 
configured, a linear encoder is attached to the actuator output shaft. In this 
case, a magnetic induction type sensor can be used as the linear absolute 
sensor. A magnetic induction sensor is capable of absolute position 
detection within a one-pitch range, and can be applied to both rotary and 
linear types. 

[0004] Figure 2 shows an example of an arrangement where a magnetic 
induction sensor is built in to the output shaft of a linear actuator. As 
shown, the magnetic induction sensor 6 includes a magnetic pattern 61 
formed at a fixed pitch along the axial direction 3 a of the output shaft 3, 
and a detection coil 62 around the magnetic pattern 61. In this case, one 
detection pitch corresponds to one pitch of the magnetic pattern 61, and in 
the axial direction it is possible to detect an absolute position within the 
space of that one pitch. Generally the resolution is 15 to 16 bits, so if one 
pitch is 16 mm, for example, it is possible to achieve a resolution of 
approximately 0.25 to 0.5 micron. 

[0005] With the latter method in which a rotary absolute sensor is used to 
detect an absolute linear position on the linear actuator output shaft 3, a 
multi-turn type absolute sensor is attached to the motor encoder attached to 
the output shaft of the motor. 
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[0006] However, with the method that uses a linear absolute sensor, when 
the resolution is increased, there is a proportional decrease in the 
measurement distance. Moreover, a long-stroke linear absolute sensor 
capable of a long measurement distance at high resolution is very costly. 

[0007] When it is desired to detect an absolute position over a long distance 

when a magnetic induction type sensor is used as a linear absolute sensor, it 
can be done by detecting what the number of the detection pitch is. 
Normally, the output of the detection coil is used as a basis for counting the 
pitch number, and the count value is maintained in memory that has a 
battery backup. However, this is not a desirable arrangement since the 
reliability of the measurement depends on the reliability of the battery, and 
it requires the provision of a battery and a counter, thereby increasing the 
cost. 

[0008] On the other hand, the rotary absolute sensor used in the latter 

method is larger than a linear type sensor, and backlash in the ball-screw 
thread gives rise to measurement error that cannot be avoided. 

Summary of Invention 

[0009] In consideration of the defects of the conventional absolute position 

detecting device of a linear actuator capable of detecting an absolute 
position over the range of a long stroke, a main object of the present 
invention is to provide an absolute position detecting device that can detect 
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an absolute position of a linear actuator over the range of a long stroke that 
has a simple structure and is inexpensive. 

[0010] Focusing on the encoder attached to the output shaft of the motor 
used to drive the linear actuator, in accordance with the absolute position 
detecting device for a linear actuator according to the present invention, by 
using the output of the encoder and the output of a linear absolute sensor 
attached to the actuator output shaft, it becomes possible to detect an 
absolute position over the range of a long stroke, or more preferably, over 
the range of the entire stroke. It is of course also possible to achieve this 
object by utilizing the output of a rotary absolute sensor attached to the 
motor output shaft that can detect the absolute rotary position at each 
rotation. 

[0011] Namely, the present invention provides an absolute position 

detecting device for a linear actuator having a motor, an output shaft, and a 
conversion means for converting output rotation of the motor to linear 
motion of the output shaft, comprising: a rotary absolute sensor that detects 
an absolute rotary position per rotation of the motor; a linear absolute 
sensor that detects an absolute linear position within a set range of 
movement of the output shaft; calculation means for calculating an absolute 
linear position of the output shaft based on a combination of an output of 
the rotary absolute sensor and an output of the linear absolute sensor; the 
range of movement of the output shaft over which the absolute linear 
position can be detected by the linear absolute sensor being different from a 
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distance by which the output shaft is moved per rotation of the motor as 
converted by the conversion means. 

Brief Description of Drawings 

[0012] Figure 1 shows the general configuration of an absolute position 
detecting device for a linear actuator according to the present invention. 

[0013] Figure 2 is an explanatory drawing of a magnetic induction type 
sensor incorporated into the output shaft of a linear actuator. 

[0014] Figure 3 is a signal waveform diagram for explaining the principle of 
absolute position detection according to the invention. 



[0015] 


(Symbols) 


[0016] 


1 linear actuator 


[0017] 


2 motor 


[0018] 


2 a motor output shaft 


[0019] 


3 actuator output shaft 


[0020] 


4 conversion means 


[0021] 


41 ball-screw 


[0022] 


5 rotary encoder 


[0023] 


6 magnetic induction type sensor (linear absolute sensor) 


[0024] 


7 drive control circuit 


[0025] 


10 absolute position detecting device 
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Description of the Preferred Embodiment 

[0026] The absolute position detecting device for a linear actuator of this 

invention is described below, with reference to Figures 1 to 3. 

[0027] Figure 1 shows the general configuration of an absolute position 

detecting device for a linear actuator of the present invention. Linear 
actuator 1 includes a motor 2, an output shaft 3 and a conversion means 4 
for converting the output rotation of the motor 2 into linear motion of the 
output shaft 3. In this example the conversion means 4 comprises a ball- 
screw 41 coupled with the motor output shaft 2a, a ball-nut 42 formed 
along the output shaft 3, and a spline 43 that supports the output shaft 3 so 
that the output shaft 3 can only move in the axial direction 3 a. 

[0028] There is also a microcomputer-based drive control circuit 7 that is 

used to control the motor 2, in accordance with external commands, to 
move the output shaft 3 to a target position. The control of the movement of 
the output shaft 3 is effected by feedback control based on absolute linear 
position information 3S on the output shaft 3 obtained from an absolute 
position detection device 10. 

[0029] Based on a signal output by a rotary encoder 5 affixed to the motor 2 

and a signal output by a magnetic induction type linear absolute sensor 6 
(Figure 2) affixed to the output shaft 3, the absolute position detection 
device 10 calculates the absolute linear position of the output shaft 3 in the 
axial direction 3 a, and supplies the thus-calculated absolute linear position 
information 3S to the drive control circuit 7. 
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[0030] The method used to calculate the absolute linear position in the 

absolute position detection device 10 will now be explained with reference 
to Figure 3. Figure 3 (a) is a rotary absolute signal A that shows the 
absolute rotary position at each rotation of the motor based on the output 
obtained from the rotary encoder 5 affixed to the motor output shaft 2a. 
Figure 3 (b) is a linear absolute signal B that shows the absolute linear 
position per linear stroke pitch based on the output obtained from the linear 
absolute sensor 6 affixed to the actuator output shaft 3. Based on the signals 
output by the sensors 5 and 6, the signals A and B are generated by a signal 
processing circuit (not shown) in the absolute position detection device 10. 

[0031] With each rotation of the motor 2, the actuator output shaft 3 is 

moved linearly in the axial direction by an amount that is in accordance 
with the lead pitch of the ball-screw 41. Here, the combination of signal A 
and signal B will be examined. If Lp is the amount by which the output 
shaft 3 is moved per rotation of the motor and Sp is the detection pitch (one 
linear-stroke pitch) as detected by the linear absolute sensor, and Lp Sp, 
then, if signals A and B are combined, even if the output shaft 3 moves 
within the space of the movement interval until aLp = bSp (where a and b 
are arbitrary coefficients), at no point of the movement is the combination 
of the signals A and B the same. Therefore, provided that the values of 
coefficients a and b are sufficiently large, it is possible to realize a linear 
absolute sensor that, based on the combination of the two signals, can 
detect the absolute position of the output shaft in the axial direction over a 
long stroke. 
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[0032] In particular, since in this embodiment the absolute rotational 

position per motor revolution is acquired using the rotary encoder 5 that is 
usually affixed to the motor, there is no need to attach a separate sensor to 
detect the absolute rotational position. This is advantageous in that it 
prevents the linear actuator becoming overly large and expensive. 

[0033] In the above embodiment the conversion means is configured with a 
ball-screw. However, it is to be understood that the present invention can 
also be applied to a linear actuator that uses a different conversion means. 
Also, the sensor used to detect the absolute rotational position per motor 
revolution is not limited to the above-described rotary encoder, it being 
possible to use a different type of rotary position detection sensor. 
Similarly, the linear absolute sensor is not limited to a magnetic induction 
type sensor, it being possible to use another type of detection sensor. 

[0034] As described in the foregoing, the absolute position detecting device 

for a linear actuator according to the present invention detects the absolute 
linear position of the output shaft of a linear actuator based on a 
combination of an absolute rotation signal representing the absolute 
rotational position per motor revolution obtained from the encoder affixed 
to the output shaft of the linear actuator motor, and a linear absolute signal 
representing the absolute position per axial detection pitch obtained from a 
linear absolute sensor affixed to the actuator output shaft. 

[0035] Therefore, in accordance with this invention, it is possible to detect 

an absolute linear position over the long-stroke range of a linear actuator, 
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using a construction that is simple and not costly. In particular, when the 
absolute rotational position per motor revolution is obtained by utilizing the 
output of the motor control encoder mounted on the motor, absolute linear 
position can be detected over a long stroke with an apparatus of reduced 
size and cost, since unlike in the case of a prior art linear absolute sensor 
there is no need to add another sensor for the linear actuator. 
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What is claimed is: 

[cl] An absolute position detecting device for a linear actuator having a motor, an 
output shaft, and a conversion means for converting output rotation of the motor to 
linear motion of the output shaft, comprising: 

a rotary absolute sensor that detects an absolute rotary position per rotation of the 
motor; 

a linear absolute sensor that detects an absolute linear position within a set range 

of movement of the output shaft; and, 
calculation means for calculating an absolute linear position of the output shaft 

based on a combination of an output of the rotary absolute sensor and an 

output of the linear absolute sensor; wherein 
the range of movement of the output shaft over which the absolute linear position 

can be detected by the linear absolute sensor is different from a distance by 

which the output shaft is moved per rotation of the motor as converted by 

the conversion means. 

[c2] The device according to claim 1, wherein the rotational absolute sensor is a motor 
control encoder affixed to the motor output shaft. 
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Abstract 

A rotary absolute signal A is obtained that shows the absolute rotary position at 
each revolution of the motor based on the output obtained from a rotary encoder 5 affixed 
to the motor output shaft 2a, and a linear absolute signal B is obtained that shows the 
absolute linear position per linear stroke pitch along an axial direction 3 a of the output 
shaft 3 based on an output obtained from a linear absolute sensor 6 which is a magnetic 
induction type sensor and is mounted on the actuator output shaft 3. The distance Lp by 
which the output shaft 3 is moved per motor revolution and the detection pitch Sp of the 
linear absolute sensor are set at different values, so in the period until the values become 
equal, at no point of the output shaft movement is the same absolute signal combination 
produced. Therefore, the combination of the signals can be used to enable absolute linear 
position detection over a long stroke. 
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